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Claims 

[d] 1. A method for leak-before-rupture assessment, the 
method comprising: 

using a failure assessment diagram (FAD) assessment 
curve from a crack initiation based FAD analysis to ana- 
lyze a crack in a material; and 

using a ductile tearing analysis in conjunction with the 
FAD assessment curve to detect a crack exhibiting at 
least one of ductile tearing stability and tearing instabil- 
ity prone to rupture during growth of the crack. 

[c2] 2The method of claim 1, wherein the ductile tearing 
analysis takes into account an increase in a material 
fracture toughness during the crack growth. 

[c3] 3.The method of claim 2, further comprising: 

using a J-integral approach to describe an elastic-plastic 
fracture behavior of the material having the crack, 
wherein J = a driving force for the crack growth, and 
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J = a material resistance to the crack growth. 
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[c4] 4.The method of claim 3, wherein the tearing instability 
criteria indicative of a rupture include 
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[c5] 5.The method of claim 4, wherein the crack growth is 
stable when 
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[c6] 6.The method of claim 5, wherein the ductile tearing 
analysis includes: 

plotting the FAD assessment curve; 
calculating a stress ratio (L ) and a ratio of 




(K) for a range of crack growth increments (Aa) corre- 
sponding to assessment points; and 
plotting the assessment points of Kr versus Lr for ductile 
tearing and tearing instability analysis. 

[c7] 7.The method of claim 6, wherein Lisa ratio of refer- 
ence stress (o J to yield strength 

ref 



is a function of applied stress and crack size. 
[c8] 8.The method of claim 6, wherein said J is derived 



from aJ-R curve for the material resistance to the range 
of crack growth increments (Aa). 

[c9] 9.The method of claim 8, wherein the J-R curve is exper- 
imentally established for the material at a temperature 
corresponding to an assessment temperature. 

[do] lfj.The method of claim 6, wherein said J is calculated 
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based on an applied load and a shape of the crack. 

[cH] ll.The method of claim 6, wherein when the assessment 
points fall below the FAD assessment curve, the crack 
growth is stable and will not rupture at a constant oper- 
ating pressure or applied load. 
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[d2] l2.The method of claim 6, wherein when all of the as- 
sessment points are disposed either above or tangent to 
the assessment curve, the crack growth is prone to fail- 
ure by rupture at a constant operating pressure or ap- 
plied load. 

[d3] l3.The method of claim 6, wherein when all of the as- 
sessment points are disposed entirely below the FAD as- 
sessment curve, the crack growth is not present at a 
constant operating pressure or applied load. 

[d4] l4.The method of claim 1, wherein the crack is one of a 
single crack and a crack field disposed in a pipeline. 

[d5] 15.A method to detect leak-before-rupture cracks in a 
pipeline material that exhibits stable crack growth by 
ductile tearing, the method comprising: 
using a failure assessment diagram (FAD) assessment 
curve from a crack initiation based FAD analysis to ana- 
lyze a crack in a material; and 

using a ductile tearing analysis in conjunction with the 
FAD assessment curve to detect a crack exhibiting at 
least one of ductile tearing stability and tearing instabil- 
ity prone to rupture during growth of the crack, wherein 
the ductile tearing analysis takes into account an in- 
crease in a material fracture toughness during the crack 



growth. 



[c16] l6.The method of claim 15, wherein the ductile tearing 
analysis includes: 

plotting the FAD assessment curve; 
calculating a stress ratio (L ) and a ratio of 



(K ) for a range of crack growth increments (Aa) corre- 
sponding to assessment points; and 
plotting the assessment points of Kr versus Lr for ductile 
tearing and tearing instability analysis. 

[d7] i7.The method of claim 16, wherein L is a ratio of refer- 
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ence stress (o^) to yield strength 





is a function of applied stress and crack size. 



[d8] l8.The method of claim 16, wherein said J is derived 
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from aJ-R curve for the material resistance to the range 
of crack growth increments (Aa). 

[d9] l9.The method of claim 18, wherein the J-R curve is ex- 
perimentally established for the material at a tempera- 
ture corresponding to an assessment temperature. 

[c20] 20.The method of claim 16, wherein when the assess- 
ment points fall below the FAD assessment curve, the 
crack growth is stable and will not rupture at a constant 
operating pressure or applied load; when all of the as- 
sessment points are disposed either above or tangent to 
the assessment curve, the crack growth is prone to fail- 
ure by rupture at a constant operating pressure or ap- 
plied load; and when all of the assessment points are 
disposed entirely below the FAD assessment curve, the 
crack growth is not present at a constant operating pres- 
sure or applied load. 



